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FYRIDYL SUBSinUim IMIDAZOLBS 



10 FIELD OF THE INVENTION 

This invention relates to novel compounds and methods of treating 
interleukin-l (IL-1), intcrleuldn-8 (11^8), and Tumor Necrosis Factor (TNF) 
mediated diseases. 

15 BACKGROUND OF THE INVENTION 

Interieukin-l (IL-1) and Tumor Necrosis Factor (TNF) are biological 
substances produced by a variety of cells, such as monocytes or macrophages. IL-1 
has been demonstrated to mediate a variety of biological activities thought to be 
important in immunoregulation and other physiological conditions such as 

2 0 inflammation [See, e.g., Dinarello et aL, Rev, Infect Disease, 451 (1984)]. The 
myriad of known biological activities of IL-1 include the activation of T helper cells, 
induction of fever, stimulation of prostaglandin or collagenase production, neutrophil 
chemotaxis, induction of acute phase protems and the suppression of plasma iron 
levels. 

2 5 llierc are many disease states in which excessive or unregulated IL-1 

production is implicated in exacerbating and/or causing the disease. These include 
rheumatoid arthritis, osteoarthritis, endotoxemia and/or toxic shock syndrome, other 
acute or chronic inflammatory disease states such as the inflammatory reaction 
induced by endotoxin or inflammatory bowel disease; tuberculosis, atherosclerosis, 

3 0 muscle degeneration, cachexia, psoriatic arthritis, Reitcr's syndrome, rheumatoid 

arthritis, gout, traumatic arthritis, rubella arthritis, and acute synovitis. Recent 
evidence also links IL-1 activity to diabetes and pancreatic B cells. 

Dinarello, L Clinical Immunologv, 5 (5), 287-297 (1985). reviews 
the biological activities which have been attributed to ILr 1. It should be noted that 
3 5 some of these effects have been described by others as indirect effects of IL-1. 

Excessive or unregulated TNF production has been implicated in 
mediating or exacerbating a number of diseases including iheumatoid arthritis, 
rheumatoid spondylitis, osteoarthritis, gouty arthritis and other arthritic conditions; 
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sepsis, septic shock, endotoxic shock, gram negative sepsis, toxic shock syndiome, 
adult respiratory distress syndrome, cerebral malaria, chronic pulmonary 
inflaimnatory disease, silicosis, pulmonary sarcoisosis, bone resorption diseases, 
reperfusion injury, graft vs. host reaction, allograft rejections, fever and myalgias due ^ 
5 to infection, such as influenza, cachexia secondary to infection or malignancy, 

cachexia, secondary to acquired immune deficiency syndrome (AIDS), AIDS, ARC 4 
(AIDS related complex), keloid formation, scar tissue formation, Crohn's disease, 
ulcerative colitis, or pyresis. 

AIDS results ftom the infection of T lymphoqrtes with Human 
1 0 Immunodeficiency \^s (HIV). At least tiiree types or strains of HIV have been 
identified, i.e», HIV-1, HIV-2 and HIV-3. As a consequence of HIV infection, T- 
cell mediated immunity is impaired and infected individuals manifest severe 
opportunistic infections and/or unusual neoplasms, HIV entry into Ae T lymphoQ^ 
requires T lymphocyte activation. Other viruses, such as HIV-1, HrV-2 infect T 

1 5 lymphocytes after T Cell activation and such virus protein expression and/or 

replication is mediated or maintained by such T cell activation. Once an activatedT 
lymphocyte is infected with HIV, the T lymphocyte must continue to be maintained in 
an activated state to permit HIV gene esqiression and/or HIV replication. Monokines, 
specifically TNF, are impUcated in activated T-cell mediated HIV protein e^qiression 

2 0 and/or virus replication by playing a role in maintaining T lymphocyte activation. 

Therefore, interference with monokine activity such as by inhibition of monokine 
production, notably TNF, in an HIV-infected individual aids in limiting the 
maintenance of T cell activation, thereby reducing the progression of HIV infectivity 
to previously uninfected cells which results in a slowing or elimination of the 
25 progressionof immune dysfunction caused by HIV infection. Monocytes, 
macrophages, and related cells, such as kupffer and glial cells, have also been 
implicated in maintenance of the HIV infection. These cells, like T-cells, are targets 
for viral replication and the level of viral replication is dependent upon the activation 
state of the cells. [See Rosenberg etal .. The Immunopatiiogenesis of HTV Infection, 

3 0 Advances in Immunology, Vol. 57, (1989)]. Monokines, such as TNF, have been 

shown to activate HIV replication in monocytes and/or macrophages [See PoU, etal., 

Proc, Nad. Acad. ScL, 87:782-784 (1990)], tiierefore, inhibition of monokine « 

production or activity aids in lindting HIV progression as stated above for T-cells, 

TNF has also been implicated in various roles with other viral ^ 
3 5 infections, such as the cytomegalia virus (CMV), influenza virus, and the herpes 
virus far similar reasons as those noted. 

Int^ukin -8 QL-Z) is a chemotactic factor first idratified and 
characterized in 1987. 11-8 is produced by several cell types including mononuclear 
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cells, fibroblasts, endothelial cells, and ketainocytes. Its producti n from endothelidl 
cells is induced by IL-1, TNF, or lipopolysachharide (LPS). Human IL-8 has been 
shown to act n Mouse, Guinea Pig, Rat, and Rabbit Neutrophils. Many different 
names have been applied to IL-8, such as neutophil attractant/activation protein-1 
5 (NAP-1), monocyte derived neutrophil chemotactic factor (MDNCT), neutophil 
activating factor (NAF), and T-cell lymphocyte chemotactic factor. 

11-8 stimulates a number of functions in vitro. It has been shown to 
have chemoattractant properties for neutophils, T-lymphocutes, and basophils. In 
addition it induces histamine release fiom basophils from both normal and atopic 
1 0 individualss as well as lysozomal enzyme release and respiratory burst from 

neutrophils. 11-8 has also been shown to incxese the surface expression of Mac-1 
(CDl lb/CD18} on nuetophils without de novo protein synthesis, this may contribute 
to increased adhesion of the neutrophils to vascular endothelial cells. Many diseases 
are characterized by massive neutrophil infiltration. Conditions associated with an 

1 5 increased in IL-8 production (which is r^ponsible for chemotaxis of neutophils into 

the inflammatory site) would benefit by compounds which are suppresive of lLr% 
production. 

IL- 1 and TNF affect a wide variety of cells and tissues and these 
cytokines as well as other leukocyte derived cytokines are important and critical 

2 0 inflammatory mediators of a wide variety of disease states and conditions. The 

inhibition of these cytokines is of benefit in controlling, reducing and alleviating 
many of these disease states. 

There remains a need for treatment, in this field, for compounds which 
arc cytokine suppresive anti-mflammatory drugs (hereinafter CS AID's), Le. 
2 5 compounds which are capable of inhibiting cytokines, such as IL-1, IL-6, IL-8 and 
TNF. 



SUMMARY OF THE INVENTION 

This invention relates to the novel compounds of Formula (I) and 
3 0 pharmaceutical compositions comprising a compound of Formula (I) and a 

pharmaceutically acceptable diluent or carrier. 

This invention also relates to a method of treating a cytokine mediated 

disease, in a mammal in need thereof which comprises administering to said manunal 

an effective amount of a compound of Formula (I). 
3 5 This invention more specifically relates to a method of inhibiting the 

production of IL-1 in a mammal in need thereof which comprises admirustering to 

said mammal an effective amount of a compound of Formula (I). 
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This invention more specifically relates to a method of inhibiting the 
production of E^8 in a mammal in need thereof which comprises administering to 
said mammal an effectfve amomit of a compound of Fonnula (I). 

This invention more specifically relates to a method of inhibiting the 
5 production of TNF in a manmial in need thereof which comprises administering to 
said manunal an efGsctfve amount of a compound of Formula (J). 

Uns invention more specifically relates to a mediod of treating a 
human^ afflicted wifli a human immunodeficiency virus (HIV), which comprises 
administering to said human an effective TNF inhibiting amount of a compound of 
10 Fonnula 00, 

The novel compounds of this invention are represented by the 

structure: 

R -C 

15 N R3 (I) 

wherein 

Rl is a mono- ordi- substituted 4-quinolyl, 4-pyridyl, 1-imidazolyU 1- 

benTimidazolyl, 4-pyrimidinyl wherein die substimentis independMtly 
selected from die group consisting of hydrogen, Ci-4 alkyi, halo, 
2 0 O-Ci-4 alkyl. S-Ci^ alkyl. or N(Ra)2; 

Ra is hydrogen, Ci-6alkyl, or Ra togedier with tiie nitrogen, may form a heterocyclic 
ring of 5 to 7 members, said ring optionally containing an additional 
heieroatom selected from the group consisting of oxygen, sulfiir or nitrogen; 

R2 is mono- or di-substituted phenyl wherein the subsitutents are independendy 

2 5 selected from die group consisting of hydrogen, halo, S(0)mR5» OR6> halo 

substituted Cl^ alkyl, Ci^ alkyl, or N(Ri2)2; 
R4 is hydrogen, Ci-io alkyl, C2-10 alkenyl, C2-IO alkynyl, C3.7 cycloalkyl, C5.7 
cycloalkCTyl, heterocyclic, heteroqrcHcallqrl, aryl, aryl allqrl, heteroaryU 
het^aryl alkyl; 

3 0 R3is(X)r(C2)s-(Y)t; 
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X is hydrogen, -(C(Rio)2)n . -NR13, -0-, or S(0)n,; 
r is a number having a value of 0 or 1; 
m is a number having a value of 0, 1 or 2; 

Q is alkenyl alkynyl, cycloalkyl. cycloalkenyl, heterocyclic, heterocydicalkyl, aiyl, 
5 aiylalkyl, heteroaryl, or heteioarylalkyl; 

s is a number having a value of 0 or 1; 

Y is a subsdtuent selected from the group consisting of hydrogen, Ci-io aUcyl, 

halo-substituted Ci-io alkyl, halogen. -(C(Rio)2)nOR8, -(C(Rio)2)nN02, 
-(C(Rio)2)nS(0)n,'Ri 1, -(C(Rio)2)nSR8, -(C(Rio)2)nS(0)m'OR8. 
1 0 -(C(Rio)2)nS(0)m'NR8R9, -Xa-P(Z)-(XaRi3)2. -(C(Rio)2)nNR«R9. 

'(C(Rio)2)nC02R8, -(C(RiQ)2)nOC(0)-R8, -(C(Rio)2)nCN, 
-(C(Rio)2)nCONR8R9. -(C(Rio)2)nC(S)NR8R9. -(C(Rio)2)nNRioC(0)R8, 
-(C(Rio)2)nNRioC(S)R8,-(C(Rio)2)nNRioC(Z)NR8R9. 
-(C(Rio)2)nNRioS(0)mRl 1. -(C(Rio)2)nNRloC(=NCN)-S-Rii, 

1 5 -(C(Rio)2)nNRioC(=NCN)-NR8R9, -(C(Rio)2)nNRloC(0)C<0)-NR8R9. 

-(C(Rio)2)n NRioC(0)C(0)-ORio, -(C(Rio)2)nC(=NRio)-NR8R9, 

-(C(Rio)2)n-C(=NRio)-ZRii,-(C(Rio)2)n-OC(Z)-NR8R9, 

-(C(Rio)2)nNRioS(0)n,CF3.-(C(Rio)2)nNRioC<0)ORio; 

t is an integer having a value of 0, 1, 2, or 3; 
20 Xa is independently -(C(Rio)2)n. -Nllg-, -O- or -S-; 

Z is oxygen or sulfiir; 

m' is an ingeter having a value of 1 or 2; 

n is an integer having a value of 0 to 10; 

R5 is hydrogen. Cm alkyl, C2A alkenyl, C2.4 alkynyl, C3.7 cycloalkyl, C5.7 

2 5 cycloalkenyl, aiyl, or N(R7)2; provided that when m is 1 or 2 then R5 is not 

hydrogen. 

R6 is hydrogen. Cm alkyl, halo substituted Cm alkyl, C2-4 alkenyl, C2-4 alkynyl, 
C3.7 cycloalkyl, C5-7 cycloalkenyl, or aiyl; 
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R7 is hydrogen, Ci-4 alkyl Cl^ alkenyl, C2A alkynyl, aryl, or may form a 
heterocyclic ring of 5 to 7 members together with the nitrogen, said ring 
optionally containing an additional hetetoatom selected from the group 
consisting of oxygen, sulfur or nitrogen; provided that when R5 is N(R7)2 
5 thenmislor2; 

Rg is hydrogen, Ci-io alkyU C2-IO alkenyl, C2-IO alkynyl, C3-7 cycloalkyl, C5-7 
cycloalkenyl, heterocyclic, heterocyclic alkyU aryl, aryl alkyi, heteroaryt 
heteroaryl alkyl ; 

R9 is hydrogen. Ci-io alkyl, C2-IO alkcnyl,-C2-10 alkynyl, C3-7 cycloalkyl €5.7 
1 0 cycloalkenyl, aryl, aryl alkyl, heteroaryl, heteroaryl alkyl or Rg and R9 may 

together form a heterocyclic ring of 5 to 7 members together with the 
nitrogen, said ring optionally containing an additional heteroatom selected 
ftom the group consisting of oxygen, sulfiir or nitrogen; 

RlO is hydrogen, or Ci^ allqrl; 

1 5 Rii is Ci-io alkyl, C2-IO alkenyl, C2-IO alkynyl, C3.7 cycloalkyl, C5-7 

cyctoalkenyl, aryl, aryl alkyl. heteroaryl, heteroaryl alkyl ; 
R12 is hydrogen, C1-4 alkyl, aryl, or may form a heterocyclic ring of 5 to 7 memb^s 

together with the nitrogen; 
Rl3 is hydrogen, Ci-io alkyl, cycloalkyl, hetcrocylic, aryl, aryl aUcyl, heteroaryl, or 

2 0 heteroaryl alkyl; 

or a pharmaceutically acceptabb salt thereof 



25 nFT^TTT^nR^SnRTPTTONQFTPffilNV^ 

This invention relates to a method of inhibiting the production of 
cytokines in a mammal in need thereof which comprises adnunistering to said 
mammal an effective amount of a compound of Formula (I). 



3 0 The compounds of Formula (I) are useful in the treatment of viral 

infections, where such viruses are sensitive to upregulation by TNF or will elicit TNF 
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production in vivo. The viruses contemplated for treatment herein ore those that 
produce TNF as a result of infection, or those which are sensitive to inhibition, such 
as by decreased replication, directly or indirectly, by the TNF inhibitors of Formula 
(1). Such viruses include, but are not limited to; HIV-1, HIV-2 and HIV-3, 
5 Cytomegalovirus (CMV), Mluenza, adenovirus and the Herpes group of viruses, 
such as but not limited to, Heipes Zoster and Herpes Simplex. 

This invention more specifically relates to a method of treating a 
human, afflicted witti a human immunodeficiency virus (HIV), which comprises 
1 0 administering to such mammal an effective TNF inhibiting amount of a compound of 
Formula (I). 



The compounds of Formula (I) may also be used in association with the 
veterinary treatment of anunals, other than in humans, in need of inhibition of TNF 

1 5 production. TNF mediated diseases for treatment, tiierapeutically or prophylactically, 

in animals include disease states such as those noted above, but in particular viral 
infections. Examples of such viruses include, but are not limited to, die lentivirus 
infections such as equine infectious anaenua virus, caprine arthritis virus, visna virus, 
or the maedi virus, or the retroviruses, such as feline immunodeficiency virus (FIV), 

2 0 bovine immunodeficiency virus, or canine immunodeficiency virus. 

For purposes herein of nomenclamre the compounds of Formula (I) 
are named by theirposition corresponding to: 

'^N l 5 R 

R ?-C 4 
3 "R3 

25 

Preferred compounds of Formula (I) are those wherein R4 is 
hydrogen or Ci-io alkyL More preferred is where R4 is hydrogen or methyl. 

Preferred Ri moieties are 4-pyridyl and 4-quinolyL More preferred is 
4-pyridyL A preferred subsitutent for all Ri mdeites is C1-4 alkyl, more preferably 

3 0 methyl. Most prefened for Ri is a 2-alkyl-4-pyridyl, such as 2-methyl-4-pyridyl. 

Preferred R2 substiment groups on the phenyl ring are hydrogen or 
halogen. Preferred halogens are fluoro and chloro. Preferred ring substitution is in 
the 3- and 4-positions. 
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Preferred R3 moieties are hydrogen, alkyi, aryl, and hetea-oaryl eiAer 
attached directly to the imdiazole ring, such as methyl, phciqrl, pyridine, or 
pyrimidinB, tx by attachment thru a hetraoatom, such as oxygen or suifinr, incluffing 
but not limited to alkojqr, fliioalkyl, benzyloxy, phenojgr, all optionally substituted by 
5 Y terms. Additionally prcfOTcdmoieites for R3 are alkyl or phenyl substitoted 
indepmdently one or more time by halogen, -(C(Rio)2)nOR8. 
-(C(Rl0)2)nS(O)m'Rll. -(C(Rio)2)nSR8. -(C(Rio)2)nS(0)ni'OR8, 
-(C(Rl0)2)nS(O)m'NR8R9. -Xa-P(Z)-(XaRi3)2. -(C(Rl0)2)nNR8R9.' 
-(C(Rio)2)nC02R8. -(CCRio)2)nOC(0)-R8. -(C(Rio)2)nCONR8R9. 
1 0 -(C(Rio)2)nNRioC(=NCN)-NR8R9.or-(C(Rio)2)nNRioS(0)mRll. 

More preferably the R3 substimtion is -(C^io)2)nOR8. 
-(C(Rio)2)nS(0)m'RlI. -(C(Rio)2)nNR8R9. -(C(Rio)2)nC02R8, 
-(C(Rio)2)nS(0)m'NR8R9. or -(C(Rio)2)nNRloS(0)mRll- Most preferably tiie 
1 5 susbstituents are hydroxyl, meihylthio, carboxylic acid, raetiiylamino, N,N- 
dimethylaminomethyl, and the sulfonamide derivatives. 

When R3 is -Xa-P(Z5-QCJR.i3)2, the Xa moiety in -Xa-PGS)-(XaRl3)2 
isprefaablyo;q'gen,orthemoeity-(C^l0)2Xi wherrannis0to2,Zandthe 
20 remaining Xa tarns are oxy^n. 

A prefeired subgenus of compounds for formula Q) is where 4- 
■ pyridyl, 2-aIkyl-4-pyridyl, or 4-qainolyl ; R4 is hydrogen or mediyl, Rio is hydrogen 

or methyl, Rg is hydrogen or alkyl, or where appropriate Rg and R9 cyclize to form a 
25 5 membered saturated heterocyclic ring, R2 is phenyl, or phenyl mono- or di- 

substituted with fLucno or chloro; R3 is alkyl, phenyl orphenyl alkyl substituted widi 

-(C(Rio)2)nOR8. -(C(Rio)2)nS(0)m'Rll. -(C(Rio)2)nSR8r 

-(C(Rio)2)nS(0)m'OR8, -(C(Rio)2)nS(0)m'NR8R9. -Xa-P(Z)-(XaRi3)2. 

-(C(Rio)2)nNR8R9r -(C(Rio)2)nC02R8. -CC(Rio)2)nOC(0)-R8. 
3 0 -(C(Rio)2)nOONR8R9, -(C(Rio)2)nNRioC(=NCN)-NR8R9, or 

-(CCRio)2)nNRioS(0)mRll. 

In all instances herein where there is an alkenyl or all^yl moiety as a 
substituent group, such as in R5, R7, Rs, R9. or Ri 1 tfie unsaturated linkage, i.e., 
3 5 the vinylene or acetylene linkage is preferably not directiy attached to the nitrogen, 
oxygen or sulfur moieties, for instance in Y as -CCCRlO)2)nNRlOC(Z)NR8R9. 
C(=NRio ) -ZRii, orORs- 
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By the term '*halo" as used herein is meant all halogens, i.e., chloro, 
fluoTD, bromo and iodo. 

By the term "Cj.ioalkyr* or "allcyr' groups as used horein is meant to 
5 include both straight or branched chain radicals of 1 to 10 carbon atoms, unless the 
chain length is limited thereto, including, but not limited to methyl, ethyl, n-pn^yl, 
isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, and the like. 

By the term "heterocyclic" as used herein, in any combinadon, such as 
1 0 "heterocyclic alkyl" is meant a 5- 10 membered ring system in which one or more 

rings contain one or more hcteroatoms selected ftom the group consisting of N, O, or 
S; such as but not limited to pyrrolidine, piperidine, piperazine, morpholine, 
imidazolidinc, or pyrazolidine. 

15 By the term "aryl" as used herein is meant phenyl, or naphthyl 

By the term "heteroaryl" as used herein, in any combination, such as 
"heteroaiyloxy", is meant a S-10 membered aiDmatic ring system in which one or 
more rings contain one or more heteroatoms selected firom the group consisting of N, 
20 O or S; such as, but not limited, to quinoline, isoquinoline, pyridine, pyrimidine, 
oxazole, thiazole, thiadiazole, triazole, imidazole. 



25 



By die term "sulfinyl" as used herein is meant the oxide of the 
corresponding sulfide. By the term "thio" as used herein is meant the sulfide. 

By the term "mammal!' as used herein includes humans. 



By the term "inhibiting the production of the cytokine (IL-1, IL-8 or 
TNF)" is meant 

3 0 a) a decrease of excessive in vivo levels of die cytokine (lL-1, BL-8 or 

TNF) in a human to normal levels or below normal levels by inhibition of the in vivo 
release of the cytokine (IL-1, IL-8 or TNF) by all cells, including but not limited to 
monocytes or macrophages; 

b) a down regulation, at the genomic level, of excessive in vivo levels 
3 5 of the cytokine (JLrU 11^8 or TNF) in a human to normal levels or below nonnal 

levels; or 

c) a down regulation, by inhibition of the direct synthesis of the 
cytokine (DLrl, IL-8 or TNF) as a posiranslational event 
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d) a down regulation, at the translational level, of excessive in vivo 
levels of the <gtokine QL-l, IL-8 or TNF) in a human to nonnal or sub-noimal 
levels. 



5 By the term *TNF mediated disease or disease state" is meant any and 

all disease states in which TNF plays a role, either by production of TNF itself, or by 
TNF causing another monokine to be released, such as but not limited to or IL- 
6. A disease state in which IL-1, for instance is a major component, and whose 
production or action, is exacerbated or secreted in response to TNF, would therefore 
10 be considered a disease stated mediated by TNF. 

By the term "cytokine" as used herein is meant any secreted 
polypeptide that affects the functions of cells and is a molecule winch modulates 
interactions between cells in the immune, inflammatoiy or hematopoietic response. 
15 A cytokine includes, but is not limited to, monokines and lymphokines regardless of 
which cells produce them. For instance, a monokine is generally referred to as being 
produced and secreted by a mononuclear cell, such as a macrophage and/or monoqie 
but many other cells produce monokines, such as natural killer cells, fibroblasts, 
basophils, neutraphils, endothelial cells, brain astrocytes, bone marrow stromal cells, 

2 0 epideral keratinocytes, and B- lymphocytes. Lymphokines are genorally referred to as 

being produced by lymphoctye cells. Examples of cytokines include, but axe not 
limited to, Ihterleukin-1 (ILrl), InterIeukin-6 (IL-6), Tumor Necrosis Factor-alpha 
. (TNF-a) and Tumor Necrosis Factor beta (TNF-B). 

25 By the term "cytokine interfering or cytokine suppresive amount" is 

meant an effective amoimt of a compound of Formula (0 which will, cause a decrease 
in the in ivo levels of the cytokine to nonnal or sub-normal levels, when given to the 
patient for the prophylaxis or therapeutic treatment of a disease state which is 
exacerbated by, or caused by, excessive or umegulated cytokine production. 

3Q 

As used hoein, the qtokine refered to in the phrase " inhibition of a 
cytokine, for use in the treatment of an HIV infected human" is a ^tokine which is 
implicated in (a) the initiation and/or maintenance of T cell activation and/or activated 
T cell-mediated HIV gene e>q>ression andl/or replication, andl/or (b) any cytokine- 

3 5 mediated disease associated problem such as cachexia or muscle degeneration. 

As TNF-B (also known as lymphotoxin) has dose structural 
homology with TNF-a (also known as cachectin) and since each induces similar 
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biologic responses and binds to the same cellular receptor, both TNF-a and TNF-6 
are inhibited by the compounds of the present invention and thus are herein referred 
to collectively as "TNF* unless specifically delineated otherwise. 

5 The compounds of the present invention may contain one or more 

asymmetric carbon atoms and may exist in racemic and optically acdve forms. All of 
these compounds are contemplated to be within the scope of the present invention. 

Exemplified compounds of Formula (I) are: 
1 0 l-(4-pyridyl)-2-(4-fluorophenyl)-4-phenylimidazole; 

l-(4-pyridyl)-2-(4-fluorophenyl)-4-(4-hydroxyphenyl) imidazole; 

l-(4-pyridyl)-2-(4-fluarophenyl)-4-(4-thiomethylphenyl) imidazole; 

l-(4-pyridyl)-2-(4-fluorophenyl)-4-(4-methylsulfinylphenyl)iinidazole; 

l-(4-pyiidyl>2-(4-fluorophenyl)-4-(4-methylsulfonylphenyl)iniic^ 
1 5 H4-pyridyl)-2-(4-fluorophenyl)-4-methylimidazole; 

1 -(4-pyridyl)-2-(4-N^-dimethylaminomethylphenyl) imidazole; 

l-(4-pyridyl)-2-(4-fluQrophenyl)-4-(benzylaxy) imidazole; 

l-(2-methyl-4-pyridyl)-4-(4-mctiiylsulfinylphenyl) imidazole; 

l-(2-methyl-4-pyridyl)-4-(4-thiomethylphenyl) imidazole; or 
2 0 l-(2-methyl-4-pyiidyl)-4-(3-chlorophenyl) imidazole. 

METHODS OF PREPARATION: 

Preparation of the compounds of Formula (I) can be caiiied out by one 
25 of skill in the art according to the procedures outlined in the Examples, infra . The 
preparation of any remaining compounds of Formula (I) not described therein may be 
prepared by the analogous processes disclosed herein^ 



wo 93/14082 



PCr/US93/00675 



-12- 




Z = CN, CO2R 



Scheme I 

Compounds of this invention (wherein r is 0, and s is I) may be prepared 
5 starting fiom the a-amino esters or nitriles 1 (illustrated in Scheme 1 for an aryl 
compound, but the method is also applicable to alkyi a-amino esters or nitdles). 
Compounds 1 are readily available fiom the conesponding aldehyde using the 
Strecker procedure or other standard methods. Acylation of 1 with an acid chloride 
affords the amides 2, which are converted to the aldehyde amides^, cither directly 

10 by reduction with the appropriate hydride-based reagent, for exampk when Z = CN 
or CO2R by reduction with diisobutylaluminum hydride (DIBAL), or for Z := CO2R 
by first reduction of the ester to the alcohol, followed by subsequent oxidation back 
to the aldehyde oxidation state of compound 3. Alternatively, in some cases it may 
be more convaiient to begin with compound 1 as the protected alcohol or aldehyde [Z 

15 = CH2OR or CH(OR)2 ] and subsequentiy deprotect and oxidize if needed to prepare 
3 following the initial acylation step (1 to 2). Reaction of 3 with the required amino 
heterocycle (Ri term) using acidic catalysis affords compound 4. The R2* moiety 
represents the generic substitution terms as used for the R2 moeity in formula (I). 
The Rj and Y substituent groups are suitably unreactive moieties under the 

2 0 conditions noted above. Reactive substituent groups, such as the S(0)in moiety of 
R2' under conditions when Z is COz^ and the Collins reaction is used, etc., are 
readily obvious to one skilled in the art 
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An additional method of imidazole synthesis utilizes the amides 5 prepared 
5 fix>m readily available starting mateiials using standard coupling chemistry, such as 
that employed for the synthesis of pedtides (Scheme II). In addidon more vigorous 
methods such as the reaction of the ester or add of the acyl partner and the 
appropriate heterocyclic amine (for the example in Scheme II, 4-aminopyridine) at 
elevated temperatures 100-300O C with or without a solvent may be used to prepare 
0 S. Conversion of 5 to the imidoyl halide 6 followed by reaction with an a-amino 
nitrite (available as the initial product of the Strecker synthesis used in Scheme I) 
produces the amidine of structure 7. Reduction of the nitrile with a metal hydride 
reducing agent, preferably diisobutylaluminum hydride (DIB AL), affords the 
intermediate imine which can be cyclized, preferably with acid in a subsequent stqp to 
5 afford 8. 
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Scheme III 



Condensation of the imidoyl halide 6 (illustrated in scheme U) may 
5 also be performed with an amidine to form the amidine derivative 9 (Scheme JH). 
Reaction of 9 with an alkili baUde in an appropriate solvent, preferably NaT in acetone 
yields the intermediate dihydroimidazole 10 which can be dehydrogenated by heating 
10 in an inert solvent with a variety of metal catalysis or by oxidation, preferably 
using BaMn04 to produce the imidazole 8. 

10 a 2-caiboaIkoxy aaiidine is used, for example 2-carboethoxy 

aziridine, tfie resulting imidazole with R3 = CO^Ex can be prepared. Basic hydrolysis 
(NaOH) of the ester affords the caiboxylic acid which may be converted to die add 
chloride by treatment with oxalyl chloride. Treatment of the arid chloride widi an 
aniine affords an arnide, or wid) a metdazide affords the acylazide. Thermal 

1 5 Beckman rearrangcmwit of the acyl azide yeilds the isocyanate R3 - -NCX), which 
can be reacted with either oxygen, nitrogen or sulfur nucleophiles to produce the 
corresponding carbamate, urea, or thiocarbamate, respecdvely. Alternatively, &e 
Hunsdieker reaction (treatment of die silvra* salt of the carboxylic add with bromine) 
or variations tiiaeof may be used to convert die add to die rearranged bromide, 

20 R3 = Br. Transmetalation of die bromide to die ogranoliduum, using eidier n- or t- 
butyl lithium in an ethereal solvent, followed by addition of a dialkyl 
phosphorochloridate, such as dimetfiyl chlorophosphate, may be used to prepare the 
phosphonate ester, R3 = P(=0)(0R)2. 
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In Schemes I, and m the R3 and Y tenns may be an appropriately 
protected alcohol for example in Scheme m a silyl ether, such as t-butyldimetfayl or t- 
butyldiphenyl» and in Schmes I and U an alkyl ether, such as methyl connected by 
an allq^l chain of variable link, (CCRio)2)nR3/Y. Following cyclization to the 
5 imidazole the alcohol is deprptected using standard reaction conditions to afford the 
finee alcohol. The alcohol may be oxidized to the caiboxylic acid (chromic add or 
pryidimium dichromate in dimethyl formamide) and subequendy convertedto the ester 
(add catalysis in the precence of an alcohol or carbonyl diimidazole followed addition 
of a basic solution of die alcohol). The alcohol may also be oxidized to the aldehyde 
1 0 (Swem's reagent or pyridinium chlorochromate in methylene chloride) and 
condensed with NH3, or a primary or secondary amine in the presence of 
NaCNBHs, the Borch reductive amination procedure, to prepare the corresponding 
primary, secondaty and tertiary amines, respectively. Altemativdy the .alcohol may 
be activated for displacement by either nitrogen, sulfur or phospohorus nucleophilcs. 

1 5 For example, reaction of the alcohol with diisopropyl azodicarboxylate, triphenyl 

phosphine, and diioacetic add produces the corresponding thioester which can be 
hydrolized to the thiol and oxidized to die sulfonic add. 

Additional derivatives which may be prepared from the above 

2 0 compounds are: C(0)NR8R9 finom the .OO2CH3 by heating witii or without catalytic 

metal cyanide, c.g.NaCN, andHNNRgRginCHsOH; •0C(0)R8 from the -OH 
witii e.g„ClC(0)R8 in pyridine; -NRio-C(S)NR8R9 from -NHRio with an 
• alkylisothiocyante or thiocyanic acid; NR6C(0)OR6 fit>m -NHR6 with the alkyl 
chloroformate; -NRioC(0)NR8R9 from the -NHRio by treatment widi an 

2 5 isocyanate, e,g. HN=C=0 or RioN=C=0; -NRi0-C(O)R8 from die -NHRio by 

treatment with a-C(0)R8 in pyridine; -C(=NRio)NR8R9 from -C(NR8R9)SR8 
widi H3NR8+OAC- by heating in alcohol; -C(^fR8R9)SR8 from -C(S)NR8R9 with 
R6-I in an inert solvent, e.g. acetone; -C(S)NR8R9 where R8 or R9 is not hydrogen 
from C(S)NH2 witfiHNR8R9. C(=NCN)-NR8R9 from -C(=NR8R9>SR8 widi 

3 0 NH2CN by heating in anhydrous alcohol, alternatively from C(=NH)-NR8R9 by 

treatment with Br-CN and NaEtO- in EtOH; NRio-C(=NCN)SR8 from NHRio by 
treatment widi (R8S)2C=NCN; -NR10SO2R8 from NHRio by treatment widi 
CISO2R8 by heating in pyridine; -NRioC(S)R8 from -NRioC(0)R8 by treatment 
wifli Lawesson's reagent [2,4-bis(4-methoxyphenyl)-l,3,2,4-dithiadiphosphetane- 
3 5 2,4-disuIBde]; -NR10SO2CF3 from NHRe widi triflic anhydride and base; 

NRioC(0>C(0)-OR8 iBrom -NHRio with, eg. mediyloxalyl chloride and a base 
such as iriediylamine; -NRioC(0>C(0)-NR8R9 from -NRioC(0)-C(0)-OR8 with 
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HNR8R79; l-(NRio)-2-iinidazolyl from -C(=NH)NHRio by heating with 
2-chloroacetaldehyde in chlor of orm. 

5 SYNTHETTCEXAMPLES 

The. following examples are illustrative and are not limiting of the ^ 
compouids of this invention. 

EXAMPLE! 
l-f4-PvridvlV 2-r4>fluorophenv1V4-phenvlimidazole 

10 

Ethvl phenvlgrl vcine. hvdrochlQride. To a mixtuie of phenylglycine (15.00 gram 
(hereinafter g.), 0.1 mole (herrinafter mol)) in EtOH (100 nuHIiters (hereinafter mL)) 
was added 20% ethanolic HQ (30 mL). The mixdne was heated atreflux for about 
20 hours (hereinafter L), then allowed to cooL The solvent was removed in vacuo^ 

1 5 and the residue was used without ftirther purification. 

N-f4-FlTiorQbenzQvl^henvlplvcine. ethvl ester. To a solution of ediyl phenylglycine, 
hydrochloride (prepared above) in CH3CN (60 mL) were added 4-fluorobenzoyl 
chloride (25.4 g, 0.16 mol) and pyridine. The resulting mixture was stirred at room 

2 0 temperature for about 55 h, then was partitioned between aqueous NaHCOs and 

EtOAc. The organic extract was washed successivdy with 10% aqueous NaOH, 3 N 
HQ and saturated aqueous NaQ. "The solvent was removed in vacuo^ and the residue 
was crystallized fiom C&iOqI hexanes to afford the title compound (19 g, 63%). 

25 4-Fluoro-N-f2-hvdroxv-l-phenyl^thvlbenzamide . To a solution of N-(4-fluoro- 
benzoyl)phenylglycine, ethyl ester (1.56 g, 5.2 mmol) in THF (15 mL) was added 
sodium borohydride (0,50 g, 12,9 mmol), followed by MeOH {A2 mL). The 
resulting mixture was allowed to stir for about 75 min, during which time additional 
sodium borohydride was added. The mixture was poured into H2O and concentrated 

3 0 under reduced pressure. The residue was partitioned between saturated aqueous 

NaQ and EcOAc. The organic extract was concentrated in vacuo, and die residue 

was purified by flash chromatography, eluting with 25% EtOAc/ hexanes to afford * 

die tifle compound (0.80 g, 60%). 

3 5 4-FIuoro-N-f 2-0x0-1 -phenyPethvlbenzamide . To a solution of pyridine (1.6 mL, 
19.30 nunol) in CHiQi (18 mL) was added, portionwise, CrOs (1.16 g, 11^8 
mmol). Upon completion of the addition, die mixture was allowed to stir for about 
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30 min, at which time was added a solution of 4-fluoro-N-(2-hydiDxy-l- 
phenyl)etiiylbenzainide (0.50 g, 1,93 mmol) in CH2CI2 (35 mL). The resulting 
mixture was allowed to stir for about 5 min« then was filtered through a pad of florisil 
and concentrated under reduced pressure to afford the title comix)uiuL 

5 

l-f4-PvridvlV2-f4-fluorophenvR-4-phenvlimidazole . To a solution containing 4- 
fluoiio-N-(2-oxo-l-phenyl)ethylbenzamide (0.15 g, 0.58 nmiol) and 4-aminppyridine 
(0.06 g, 0.65 mmol) in toluene (10 mL) was added p-toluenesulfonic add (0*22 g, 
L20 mmol). The mixture was heated at reflux with azeotropic removal of H2O. 

1 0 After heating at reflux for about 1 h, the mixture was allowed to cool and was 

partitioned between aqueous NaHCX)3 and EtOAc. The organic extract was 
concentrated undd: reduced pressure and purified by flash chromatography, eluting 
with a solvent gradient of 1 : 5 to 1 : 1 EtOAc/ hexanes. The tide compound was 
obtained (0.04 g, 17%) as a light yellow solid, m.p. 90 - 92oC 

15 

^(4-Pyr?dvl)■2-f4-fl^opop}^epY^)4-(4-hYtoyphgl^y^)mi 

Ethvl 4-hvdroxvphenvlglvcine. hydrochloride . To a suspension of 4- 

2 0 hydroxyphenylglycine (18.00 g, 0.1 1 mol) in EtOH (100 mL) was added 20% 

ethanolic HQ (30 mL). The mixture was heated at reflux for 14 h, then was allowed 
to cool and was concentrated under reduced pressure. The residue was partitioned 
' between saturated aqueous NaHCX)3^ and EtOAc, and the organic extract was 
concentrated in vacuo to afford the tide compound (15,00 g, 70%). 

25 

N'f4-FluorobenzovlV2-r4-oxv-f4-fluorobcnzovl)phenvnplvcine. ethvl ester . To a 
suspension of ethyl 4-hydn)xyphenylglycine, hydrochloride (prepared above) in 
CH3CN were added 4-fluorobenzoyl chloride (20 mL, 0.17 mol) and pyridine (15.5 
mL, 0.20 mol). The resulting mixture was stirred at room temperature for 5 min, 

3 0 then was partitioned between aqueous NaHC03 and EtOAc. The organic extract was 

washed successively with 3 N HCl, saturated aqueous NaQ, 5% aqueous NaHCOs 
and saturated aqueous NaCi . The solvent was removed in vacuo to afford the tide 
compound. 

3 5 4-Hu(ffo-N-ri-f4-l>Ydro?cYphenYl-2-hYdTPXY)gtl^yl1b^^ To a solution of N- 
(4-fluoroben2oyl)-2-[4-oxy-(4-fluon)benzoyl)phenyl]glycine, etfiyl ester (1.00 g, 
2^7 mmol) in THF (6 mL) was added sodium borohydride (0.22 g, 5,70 mmol). 
The mixture was wanned to 55^ and MeOH (1.9 mL) was added over 10 min. 
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Upon completion of the addition, the mixture was poured into H2O and concentrated 
under reduced pressure. The residue was partitioned between saturated aqueous 
NaClandEtOAc. Theorganicextractwasconcentratedm vacuo, and the residue 
was purified by flash chromatography, eluting with 1 : 1 EtOAc/ hexanes to afford 
5 the title compound (0.46 g, 73%). 

^; 

N-ri-f4-Ben2vloxvphenvI-2-hvdroxv^ethvll*4-fluorobenzamide . To a solution of 4- 
fluon>-N-[l-(4"hydroxyphenyl-2-hydroxy)ethyl]benzamide (0.40 g^ 1.45 mmol) in 
acetone were added potassium carbonate (0.30 g, 2,18 mmol) and benzyl bromidB 
1 0 (0.29 g, 1.75 mmol). The resulting mixture was heated atieflux for 20 h, then was 
allowed to cool and was concentrated under reduced pressure. The residue was 
purified by flash chromatography, eluting with 1 : 1 EtOAc/ hexanes to afford the tide 
compound (0.50 g, 94%). 

1 5 N-ri-f4'BenzvloxvphenvI'2-oxo'>ethvll-4'fluorobenzamide . To a solution of 

pyridine (1.1 mL, 12.8 mmol) m CH2GI2 (10 mL) was added, portionwise, CSCO3 
(0.78 g, 7.73 mmol). Upon completion of the .addition, the mbcture was allowed to 
stir for 30 min. at which time was added a solution of N-[l-(4-benzyloxyphenyl-2- 
hydroxy)ethyl}-4-fluorobcnzamide (0.47 g, 1.28 mmol) in 01202 (35 mL). The 

2 0 resulting nlixture was allowed to stir for 25 min, dien was filtered through apad of 

florisil and concentrated under reduced pressure to afford the title compound. 

• l-r4-PvridvlV2-f4-fluoroph&nvlV4-f4'benzArloxvphcnYlMnndazole ^ To a solution 
containing N-[l-(4-ben2yloxyphenyl-2-oxo)ethyl]-4-fluoroben2anude (0.38 g, LOO 

2 5 mmol) and 4-aminopyridine (0.11 g, 1.17 mmol) in toluene was added p- 

toluenesulfonic acid (0.42 g, 2.20 mmol). The mixture was heated at refiux with 
azeotropic removal of H2O. After heating at reflux for 1 h, the mixture was allowed 
to cool and was partitioned between aqueous NaHCDs and EtOAc. The organk 
extract was concentrated under reduced pressure and purified by flash chromato- 

3 0 graphy, eluting with a solvit gradient of 1 : 5 to 1 : 2 EtOAc/ hexanes. The tifle 

compound was obtained (0.06 g, 14%) and was crystallized fiom EtOAc/^ hexanes. 

l-f4-PvridvIV2-f4'fluorophenvlV4-r4-hvdroxy pliftnYl)jp^^^^7^^ Amixtare 
containing l-(4-pyridyI)-2-(4-fluorophenyl)-4-(4-ben^loxyphenyl)imidazole (0.13 ^ 
3 5 g, 03 mmol) and 10% palladium on activated carbon (100 mg) in EtOAc was stirred 
under an atmosphere of H2 for 10 h, at which time the reaction mixture was filtered 
through a pad of Celite. The filtrate was concentrated under reduced pressure, and 
the residue was purified by flash chromatography, eluting with 1 : 1 EtOAc/ hexanes. 
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The material which was isolated was crystallized from ElOAc/ hexanes to afford the 
tide compound (0.07 g, 70%). m.p. 230 - 2310C. 

EXAM|>LE3 

5 l-(4-PvridvlV2-f4-fluoroDhenvn-4-f4-thiQmethvlphenv n imidazole. The compound 
of Example 3 was produced by the process according to Schcnic I; converting 4- 
thiomediylbenzaldehyde to the anuno nitrile and condensing this with 4-fiuorobenzoyl 
chlozide. Reduction of the nitrile to the aldehyde was followed by condesadon vnii 
4-amino pyridine according to the method of examples 1 and 2 to afford the tide 
1 0 compound, m.p. 192-1960C. 

EXAMPLE 4 

l-r4-PviidvlV2-(4-fluor ophenvlV4-f4-methvlsulfinvlphRnvl) imiHaynlpi Oxidation of 
l-(4-pyridyl>2-(4-fluorophenyl)-4-(4-diiomediylphenyl) imidazole of Example 3 

1 5 with K2S2Q8 in acetic acid followed by chromatography on silica and lecrystallization 

afforded the tided sulfoxide, m.p. 201-'203oC 

EXAMPLE 5 

l-f4-pvridv n-2-f4'fluorDDhenvl^-4-T nRr||Y^^"^^'^^^^?''f The compound of Examples 

2 0 was produced by the process according to Scheme m, employing methyl aziridine 

and die imidoyl chloride prq)ared from the amide formed by condensation of 4-amino 
pyridine and 4-fluarobenzoyl chloride. Cyclization and dchydrogenation of this 
adduct afifords die tide imidazole as a white solid, m/e (rel int): 254 [(M+H)+]. 

25 EXAMPLE 6 

l-f2-medivlp vrid-4-vlV2-f4>fluororphenvlM-f4-tfiiomethvlDhenvltiTniriflynr This 
compound was produced by die process according to Scheme I; converting 4- 
diiomethylbenzaldehyde to the amino nitrile and condensing this with 4-fluorobenzoyl 
chloridb. Reduction of the nitrile to die aldehyde was followed by condensation widi 

3 0 2-mediyl-4-amino pyridine according to die method of examples 1 and 2 to afford the 

title compound, m.p. 144-1460C 

l-(2-methvlpvrid -4-vlV2-f4-flu6rophenvlV4-f4-medivlsulfinvlphenvnimidazole . 
3 5 Oxidation of l-(2-mediylpyrid-4-yl)-2-(4-fluorophenyl)-4-(4- 

fliiomcthylphenyl)imidazole of Example 7 widi K2S2O8 in acetic acid f Uowed by 
chromatography on silica and recrystallization afforded the tided sulf xide, m.p. 160- 
1630C. 
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By analogous methods to those described above in Example 1 to 7, 
and in Schemes I to IH heroin the following compounds may be produced: 
Example 8 • l-(4-pyiidyl)-2-(4-NJN-KiimethylaniinomethyIphcnyl) imidazole. 
5 Example 9 - l-(4-pyridyl>-2-(4-fluorqphenyl)-4-(benzyloxy) imidazole. 
Example 10 - l.(2-methyl-4-pyiidyl>4-(3-chlorophenyl) imidazole. 



METHODS OF TOEATMENT 
1 0 Tie compounds of Fbimula (T) can be used in die manufacture of a 

medicament for the prophylactic or therapeutic treatment of any disease state in a 
human, or other manmial, which is exacerbated or caused by excessive or 
unregulated excessive or unregulated cytokine production, more specifically IL- 1, 
IL-8 or TNF production, by such manmial's cell, such as but not limited to 

1 5 monocytes and/or macrophages. 

Compounds of Formula ® are capable of inhibiting proinflammatory 
cytokines, such as IL-1, IL-8 and TNF and arc therefore of use in therapy. IL-1, IL- 
8 and TNF affect a wide variety of cells and tissues and these cytokines, as well as 
other luckocyte derived cytokines, arc important and critical inflaimnatory meditators 
20 ofa wide variety of disease states and conditions. The inhibition of these pro- 

inflammatory cytokines is of benefit in conffolling, reducing and alleviating many of 
these diseases. 

The compounds of Formula (J) are administered in an amount 
sufficient to inhibit TNF production such that it is regulated down to normal levels, or 

2 5 in some case to subnormal levels, so as to ameliorate or prevent the disease state. 

Abnormal levels of TNF, for die present invention, constitute levels of 1) firee (not 
cell bound) TNF, greater than or equal to 1 picogram per ml; 2) any cell associated 
TNF; or 3) the presence of TNF mRNA above basal levek in cells or tissues in which 
TNF is produced. 

3 0 The compounds of Formula (I) may be used in the treatment of any 

disease states mediated by excessive or unregulated TNF production, such as but not 
limited to rheumatoid artinitis» rheumatoid spondylitis, osteoarthritis, gouty arthritis 
and other arthritic conditions; sepsis, septic shock, endotoxic shock, gram negative 
sepsis, toxic shock syndrome, adult respiratory distress syndrome, cerebral malaria, 
3 S chronic pulmonary inflanunatory disease, silicosis, pulmonary sarcoisosis, bone 

resorption diseases, such as osteoporosis, reperfusion injury, graft vs. host reaction^ 
allograft rejections, fev^ and myalgias due to infection, such as influenza, cachexia 
secondary to infection or malignancy, cachexia, secondary to acquired inmiune 
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deficiency syndrome (AIDS), AIDS, ARC (AIDS related complex), keloid formation, 
scar tissue formation, Crohn's disease, ulcerative colitis, pyresis, AIDS and other 
viral infections, such as cytomegalia virus (CMV), influenza virus, and the herpes 
family of viruses such as Heipres Zoster or Simplex I and n. 
S The compounds of Formula (I) may also be used topically as well in 

the treatmrat or prophylaxis of inflammatory topical disease states mediated or 
exacerbated by excessive TNF production respectively, such as for rheumatoid 
arthritis, rheumatoid spondylitis, osteoarthritis, gouty arthritis and other arthritic 
conditions, inflamed joints, eczema, psoriasis or other inflammatory skin conditions 
1 0 such as sunburn; inflammatary eye conditions including conjunctivitis; pyresis, pain 
and other conditions associated with inflammation. 

The compounds of Formula (I) may also be used in association with 
the veterinary field for treatment of TNF mediated diseases such as viral infections. 
Examples of such viruses include but are not limited to, feline immunodefimcency 

1 5 virus (FTV) or other retroviral infection such as equine infectious anaenua virus, 

caprine arthritis virus, visna virus, maedi virus and other lentiviruses. 

Interleukin-1 (IL-1) has been demonsttated to mediate a variety of 
biological activities thought to be important in inununoiegulation and other 
physiological conditions such as inflammation [See, e.g., Dinarello et aL, Rev. 

2 0 Infect Disease, ^51 (1984)]. The myriad of known biological activities of IL-1 

include the activation of T helper cells, induction of fever, stimulation of 
prostaglandin or collagenase production, neutrophil chemotaxis, induction of acute 
phase proteins and the suppression of plasma iron levels. 

The discovery that the compounds of Formulas (I) are inhibitors of 

2 5 cytokines, specifically n^l is based upon the effects of the compounds of Formulas 

(I) on the production of the IL-1 in_ vitro, on the human monocyte, the assays of 
which are described herein. 

There are many disease states in which excessive or unregulated IL-1 
production is implicated in exacerbating and/or causing die disease. These include 

3 0 rheumatoid arthritis, osteoarthritis, endotoxemia and/or toxic shock syndrome, otiier 

acute or chronic inflammatory disease states such as the inflammatory reaction 
induced by endotoxin or inflammatory bowel disease; tuberculosis, atherosclerosis, 
muscle degeneration, cachexia, psoriatic arthritis, Reiter's syndrome, rheumatoid 
arthritis, gout^ traumatic anhritis, rubella arthritis, and acute synovitis. Recent 
3 5 evidence also links IL-1 activity to diabetes and pancreatic B cells. 

Dinarello, J, Qinica^ ^miTiynplpRy. 5 (5), 287-297 (1985), reviews 
the biological activities which have been attributed to IL-1. It shouM be noted that 
some of these effects have been described by others as indirect effects of IL-1 . 
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The compounds of Formula (J) have also been shown to inhibit the 
production of Interleukin-8 (NAP-l/IL-8). IL-8 is a chemotacdc factor first identified 
and characterized in 1987. 11-8 is produced by several cdl types inchiding 
mononuclear cells, fibroblasts, endo±elial cells, and keratinocytes. Many different 
5 names have been ^plied to IL-8, such as neutrophil attractant^activation protein-1 

^AP-1), monocyte derived neutropWl chemotactic fector (MDNCF), neutrophil ^ 
activating factor (NAF), and T-cell lymphoc^ chemotactic {bcxoc. 

There are many disease states in which excessive or unregulated IL-8 
production is implicated in exacerbating and/or causing the disease. These diseases 
10 are characterized by massive neutrophil infiltration such as, psoriasis, inflanmiatory 
bowel disease, asthma, cardiac and renal reperfusion injury, adult respiratory distress 
.syndrome, thrombosis and glomerulonephritis. All of these diseases have the 
association of increased IL-8 production, which is responsible for the chemotaxis of 
neutrophils into the inflanmiatory site. In contrast to other inflammatory cytoldnes 

1 5 (IL-1, TNF, and IL-6) 11^8 has the unique property of promoting neutrophil 

chraiotaxis. Therefore, the inhibition of 

IL-8 production would lead to a direct reduction in the neutrophil infiltration. 

The discovery of a compound wMch specifically inhibits ILrl, IL-8, 
and TNF production will not only contribute to the understanding of how this 

2 0 molecule is synthesized, processed and secreted, but will also provide a th^peutic 

approach for diseases in which excessive or unregulated IL-1 and TfjlF production is 
implicated 

PHARMACEUTICAL COMPOSITIONS 
25 In order to use a compound of the Formula (I) or a pharroaceutically 

acceptable salt thereof for the treatment of humans and other mammals it is normally 
formulated in accordance with standard pharmaceutical practice as a pharmaceutical 
composition. 

TMs invention, therefore, also relates to a pharmaceutical composition 

3 0 comprising an effective, non-toxic amount of a compound of Fcffmulas (J) and a 

pharmaceutically acceptable carrier or diluent The compounds of Formula © are 
adnunistered in conventional dosage forms prepared by combining a compound of • 
Formula Q) with standard pharmaceutical carriers according to conventional 
procedures. The compounds ofFormula (I) may also be admirustered in > 
3 5 conventional dosages in combination with a known, second therapeutically active 

compound. These procedures may involve mixing, granulating and compressing or 

dissolving the ingredients as appropriate to the desired preparation. 
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The pharmaceutical carrier employed may be, for example, either- a 
solid or liquid. Exemplary of solid carriers arc lactose, teira alba, sucrose, talc, 
gelatin, agar, pectin, acacia, magnesium stearate, stearic acid and the like. Exemplary 
of liquid carriers are syrup, peanut oil, olive oil, water and the like. Similarly, the 
5 carrier or diluent may include time delay material well known to the art, such as 
glyceryl mono-stearaie or glyceryl distearate alone or with a wax. 

A wide variety of pharmaceutical fonns can be employed Thus, if a 
solid carrier is used, the preparation can be tableted, placed in a hard gelatin capsule 
in powder or pellet form or in the form of a troche or lozenge. The amount of solid 
1 0 carrier will vary widely but preferably will be from about 25 mg. to about 1 g. When 
a liquid carrier is used, the preparation will be in the form of a syrup, emulsion, soft 
gelatin cs^sule, sterile injectable liquid such as an ampule or nonaqueous liquid 
suspension. 

The compounds of Formula (I) may be administered topically. Thus, die 

1 5 compounds of Formula (J) may be administered topically in the treatment or 

prophylaxis of inflammation or other cytokine related diseases in a mammal, such as 
liieumatdd arthritis, rheumatoid spondylitis, osteoarthritis, gouty arthritis and othCT 
arthritic conditions, inflamed joints, eczema, psoriasis or other inflammatory skin 
conditions such as sunburn; inflammatory eye conditions including conjunctivitis; 

2 0 pyresis, pain and other conditions associated with inflammation. 

The amount of a compound of Formula (I), for all metiiods of use 
disclosed herein, required for therapeutic effect on topical administration will, of 
course, vary wifli the compound chosen, the nature and severity of the inflammatory 
condition, whether eicosanoid or cytokine mediated, and the animal undergoing 

2 5 treatment, and is ultimately at the discretion of the physician. A suitable, topical, anti- 

inflammatory dose of an active ingredient, i.e., a compound of Formula (I) is 0,1 mg 
to 150 mg, administered one to four, preferably two or three times daily. 

By topical administration is meant non-systemic administration and 
includes the qjplication of a compound of Formula (I) externally to the epidermis, to 

3 0 the buccal cavity and instillation of such a compound into the ear, eye and nose, and 

where die compound does not significantiy enter the blood stream. By systemic 
administration is meant oral, intravenous, intraperitoneal and intramuscular 
administration. 

While it is possible for an active ingredient to be administered alone as 
3 5 the raw chemical, it is preferable to present it as a pharmaceutical formulation. The 
active ingredient may comprise, for topical administration, from 0.001% to 10% 
w/w, e.g. from 1% to 2% by weight of the formulation although it may comprise as 
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much as 10% w/w but preferably not in excess of 5% w/w and more prefo^ly from 
0.1% to 1% w/w of the formulation. 

The topical formulations of the present invention comprise an active 
ingredient together widi one or more acceptable carrions) therefor and optionally any 
5 other therapeutic ingredient(s). The cairier(s) must be 'acceptable' in tfie sense of 
being compatible with the odier ingredients of the formuladon and not deleterious to 
the recipient thereof. 

Fbrmuladons suitable for topical administration include liquid or semi- 
Uquid preparations suitable for penetration througih the skin to the site of inflammation 
1 0 such as liniments, lotions, creams, ointments or pastes, and drops suitable far 
administration to the eye, ear or nose. 

Drops according to the present inventicMi may comprise sterile aqueous 
or oily solutions or suspensions and may be prepared by dissolving the active 
ingredient in a suitable aqueous solution of a bactericidal and/or fungicidal agent 

1 5 and/or any other suitable preservative, and preferably including a surface active agent 

The resulting solution may then be clarified by filtration, transfwred to a suiuble 
container which is then sealed and sterilized by autoclaving or maintaining at 98- 
lOOC for half an hour. Altmiatively, the solution may be stailized by filtration and 
transferred to die container by an aseptic technique. Examples of bacteriddal and 

2 0 fungicidal agents suitable for inclusion in the drops are phenylmercuric nitrate or 

acetate (0.002%), benzalkonium chloride (0.01%) and chlothexidine acetate (0.01%). 
Suitable solvents for the preparation of an oily solution include glycerol, diluted 
alcohol and propylene gJycoL * 

Lotions according to the present invention include those suitable for 

2 5 application to the skin or eye. An eye lotion may comprise a sterile aqueous solution 

optionally containing a bactericide and may be prepared by methods similar to those 
for the preparation of drops. Lotions or liniments for application to tiie skin may also 
include an agent to hasten drying and to cool the skin, such as an alcohol or acetone, 
and/or a moisturizer such as glycerol or an oil such as castor oil or arachis oil. 

3 0 Creams, ointments or pastes according to the present inveiition are senu- 

solid formulations of the active ingredient for external application. They may be 
made by mixing the active ingredient in finely-divided or powdered fionn, alone or in 
solution or suspension in an aqueous or non-aqueous fluid, with the aid of suitable 
machinery, with a greasy or non-greasy basis. The basis may comprise 
3 5 hydrocarbons such as hard, soft or liquid paraffin, glycerol, beeswax, a metallic 
soap; a mucilage; an il of natural origin such as almond, com^ arachis, casU>r or 
live oil; wool fat or its derivatives, or a fatty acid such as steric or oleic acid together 
with an alcohol such as propylene glycol ormacrogels. The formulation may 



wo 93/14082 



PCr/US93/00675 



-25- 

incorparate any suitable surface active agent such as an anionic, cationic or non-ionic 
surfactant such as sorbitan esters orpolyoxyethylene derivatives thereof. Suspending 
agents such as natural gums, cellulc^e derivatives or inorganic materials such as 
silicaceous silicas, and other ingredients such as lanolin, may also be included. 
5 The methods of the subject invention may be carried out by delivering 

the monokine activity interfering agent parenterally. The term 'parenteral' as used 
herein includes intravenous, intramuscular, subcutaneous intranasal, intrarectal, 
intravaginal or intrapOTtoneal administration. The subcutaneous and intramuscular 
forms of parenteral administration are generally preferred. Appropriate dosage forms 
1 0 for such administration may be prepared by conventional techniques. 

For all methods of use disclosed herein for the compounds of 
Formulas (I), the daily oral dosage regimen will preferably be from about 0,05 to 
about 80 mg/kilogram of total body weight, preferably from about 0.1 to 30 mg/kg, 
more preferably from about OJ mg to 15 mg. The daily parenteral dosage regimen 

1 5 will preferably be fix)m about 0.05 to about 80 mg per kilogram (kg) of total body 

weight, preferably from about 0. 1 to about 30 mg/kg, and more preferably from 
about 0.5 mg to 15mg/kg. 

The compounds of Formula (I) may also be administered by 
inhalation. By "inhalation" is meant intranasal and oral inhalation administration. 

2 0 Appropriate dosage forms for such administration^ such as an aerosol formulation or 

a metered dose inhaler, may be prepared by conventional techniques. The preferred 
daily dosage amount of a compound of Formula (I) administered by inhalation for all 
methods disclosed herein, is from about .01 mg/kg to about 1 mg/kg per day. 

It will be recognized by one of skill in die art that the form and 

2 5 character of the pharmaceutically acceptable carrier or diluent is dictated by the 

amount of active ingredient with which it is to be combined, the route of 
administration and other well-known variables. 

It will also be recognized by one of skill in the art that the q)timal 
quantity and spacing of individual dosages of a compound of Formula (I) or a 

3 0 pharmaceutically acceptable salt thereof will be determined by the nature and extent of 

the condition being treated, the form, route and site of administration, and the 
particular patient being treated, and that such optimums can be determined by 
conventional techniques. 

It will also be appreciated by one of skill in the an that the optimal 
3 5 course of treatment, Le., the number of doses of a compound of Formula (I) or a 
pharmaceutically acceptable salt tiiereof given per day for a defined number of days^ 
can be ascertained by tiiose skilled in the art using conventional course of treatment 
determination tests. 
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EXAMPLES 

Without further elaboration, it is believed that one skilled in the art 
can, using the preceding description, utilize the present invention to its fullest extent 
5 The following Examples are, therefore, to be construed as merely illustrative and not 
a limitation of the scope of the present invention in any way* 

EXAMPUSA 
Inhibitory Effect of compounds of Formula © on 
10 in yitro IL-1 ProductiDn by Human Monocytes 



The effects of compounds of Formula (J) on the iaaaa production of IL-1 
by human monocytes was examined using the following protocoL 

Bacterial Irpopolysaccharide (LPS) was used to induce IL-1 production by 

1 5 human peripheral blood monocytes. IL-1 activity was measured by its ability to 

stimulate a Interleukin 2 (IL-2) producing cell line CEL-4) to secrete IL-2, in concert 
with A23187 ionophore, according to the mefliod of Simon pt^U Jr ?iffmmQlt 
Mediods. 84, 85, (1985), Human peripheral blood monocytes were isolated and 
purified fiom eitiier ftesh blood preparations fiom volunteer donors, or from blood 

20 bank hxxSy coats, according to the procedure of Colotta s£aL Jr IrpmunoI„ 132t 936 
(1984). I X 10^ of such monocytes were plated in 24-wcll plates at a concentration 
of 1-2 million/ml per well. The cells were allowed to adhere for 2 hours, afterwhich 
time non-adherent cells were removed by gentle washing. Test compounds were tiien 
added to die cells for 1 hour (hr) before die addition of lipopolysaccharide (50 ng^), 

25 and die cultures were incubated at SV^C for an additional 24 hours. At the end of the 
incubation period, culnire sijpematants were removed and clarified of cells and all 
debris. Culture supematants were immediately assayed for H^l biological activity in 
the manner described above, as well as for prostaglandin and/or leukotriene 
concentrations by radioimmunoassay. 

3 0 The compounds of Formula (I), Examples 1, 2, and 5 are potent 

inhibitors of in vitro IL-1 production by human monocytes having IC 50's between 
0.1 nM and 5 fiM. The compounds of Examples 3, and 4 exhibited an IC 50 of > 
5jiM, 

Based on the widely held belief of die role of unmodulated G-e., 
3 5 excessive) ja vivo IL-1 production in causing or aggravating inflammatory responses 
and ther disease states (see, e.g., Fontana ptal.. supra; Wood et al., supra; Akejiraa 
and Dinaiello, supra; Habicht and Beck, supra; Chesque et aL, supra; Benjanrin et 
aL, supra; and Dinarello, supra), and based on the fact that compounds of Formula 
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(I) inhibit in vitro IL-1 production by human macrophages and/or monocytes, the 
compounds of Formula (I) will inhibit the ia vivo IL- 1 production by monocytes 
and/or macrophages in a human in need thereof when used according to the method 
of the subject invention. 

5 

imLITY EXAMPLE B 
Inhibitory Effect of compounds of Formula (I) on 
in vitro TNF production by Human Monocytes 
Section I: Amy gfit-^P 

1 0 The effects of compounds of Formula (I) on the in vitro production of 

TNF by human monocytes was examined using the following protocol. 

Human peripheral blood monocytes were isolated and purified from 
either blood bank buffy coats or plateletpheresis residues, according to the procedure 
of Colotta, R. et al., J. Immunol.. 132(2):936 (1984). The monocytes were plated at 
15 a density of 1 X 10^ cells/ml medium/well in 24-well multi-dishes. The cells were 
allowed to adhere for 1 hour after whidi time the supernatant was aspirated and 1 ml 
ftesh medium (RPMI-1640 (Whitaker Biomedical Products. Whitaker, CA) 
containing 1% fetal calf serum and penicillin and streptomycin at 10 units/ml was 
added. The cells were incubated for 45 minutes in the presence or absence of test 

2 0 compounds at InM-lOuM dose ranges (compounds were solubilized in Dimethyl- 

sulfoxide/Ethanol such that the final solvent concentration in the culture medium was 
0.5% Dimethyl sulfoxide/0.5% Ethanol). Bacterial lipopolysaccharide (E. coli 
' 055:B5 [LPS] from Sigma Chemicals Co.) was then added at 100 ng/ml in 10 ml 
Phosphate Buffered Saline (PBS) and cultures incubated for 16-18 hours at 3TC in a 
25 5% CO2 incubator. At the end of the incubation period, culture supematants were 

removed fiom the cells, centrifuged at 3000 revolutions per minute (ipm) to remove 
cell debris and .05 ml of the supernatant assayed for TNF activity using th& 
radioimmunoassay described below. 

3 0 Section n: Radioimmunoassav procedure for TNF activity 

The assay buffer conasted of O.OIM NaP04, 0.15M NaCl, 0.025M 

EDTA and 0.1% sodium azide atpH 7.4. Human recombinant TNF (rhTNF) 
obtained using die procedure of Chen et al.. Nature. 330:581-583 (1987) was 
iodinated by a modified Chloramine-T method described in Section III below. To 
3 5 samples (50 |il culmre supematants) or rhTNF standards, a 1/9000 dilution of 

polyclOTal rabbit anti-rhTNF (Genzyme, Boston, MA) and 8000 cpm of 125i.tnf 
was added in a final volume of 400 ^1 buffer and incubated overnight (18 hours) at 
4*'C. Normal rabbit SCTum and goat anti-rabt)it IgG (CSdbiochem) were titrated against 
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each other for maximum precipitation of the anti-rhTOT. The appropriate dilutions of 
caniernormal rabbit serum (1/200), goat anti-rabbit IgG (1/4) and 25 Units heparin 
(Calbiochem) were allowed to precipitate and 200 jil of fliis complex was added per 
assay tube and incubated ovemigjit at 4°C. Tubes were centrifuged for 30 minutes at 
5 2000 rpm, supcmatants were carefully aspirated, and radioactivity associated widi the 
pellets measured in a Beckman Gamma 5500 counter. The lopMog linear 
transformation curve was used for the calculations. The concaitrations of TNF in the 
samples was read of a standard curve of riiTNF that was linear in the 157 to 20,000 
pgAnlr^ge. 

10 

Section m : Radioiodination ofihTNF 

lodination of rhTNF was performed using a modified chloramine-T 
metiiod of Erolik et al.. J. Biol. Chem., 259:10995-11000 (1984). Briefly, 5 mg of 
rhTNF ui 5 ml of 20MM Tris ph 7.5, was diluted with 15 ml of 0.5M KPO4 and 10 

15 ml of carrier ftec I25i(ioOmCi/ml;ICN)^ To initiate the reaction, a 5ml aliquot of a 
lOOmgAnl (aqueous) chloranrine-T solution was added. After 2 minutes at room 
temperature, an additional 5 ml aliquot was added followed IS minutes later by a 
final 5 ml addition of chloramine-T, The reaction was slopped 1 minute lat^by 
sequential addition of 20 ml of 50mM Sodium Metabisulfite, 100 ml of I20mM 

2 0 Potassium Iodide and 200 ml of 1.2 mg/ml Urea. The contents were mixed and the 
reaction mixture was passed over a pre-packed Scphadex (3-25 column (PD 10 
Pharmacia), equilibrated andeluted with Phosphate Buffered Saline pH 7.4 
containing 0.25% gelatin, Thepeakradioactfvity containing firactions were pooled 
and stored at -20°CL Specific activity of 125i-tNF was 80-100 mO/mg protein. 

2 5 Biological activity of iodinated TNF was measured by theL929 cytotoxicity assay of 

Nealc, M J., et al., Eur. J. Can. Gin. Oncol.. 25(1):133-137 (1989) and was found 
to be 80% that of unlabeled TTSfF. 

Section IV: Measurement of TNF- ELISA: 

3 0 Levels of TNF were also measured using a modificaticm of the basic 

sandwich ELISA assay metiiod described in Winston et aL, Current Protocols in 
Molecular Biology. Page 11.2.1. Ausubel et al., EiX1987) John Wiley and Sons, 
New York, USA. The ELISA employed a murine monoclonal anti-human TNF 
antibody, desaibed below, as die capture antibody and a polyclonal rabbit anti- 
3 5 human TNF, described below, as the second antibody. For detection, a peroxidase- 
conjugated goat anti-rabbit antibody ^oehringer Mannheim, Indianopolis, Indiana, 
USA, Catalog # 605222) was added followed by a substrate for peroxidase (Img/ml 
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orthophenylenediamine with 0.1% urea peroxide). TNF levels in samples were 
calculated from a standaid curve generated with recombinant human TNF produced in 
E. Coli (obtained from SmitfaKline Beecham Pharmaceudcals, King of Prussia, PA, 
USA). 

5 

SgctiPff V; Rpdtipqon Pf anti-hmyiw TNF flntit)pdifis; 

Monoclonal antibodies to human TNF were prepared from spleens of 
B ALB/c mice immunized with recombinant human TNF using a modification of the 
method of Kohler and Millstein, Nature 256 :495 (1975), the entire disclosure of 
1 0 which is hereby incorporated by reference. Polyclonal rabbit anti-human TNF 

antibodies were prepared by repeated immunization of New Zealand White (N2^ 
rabbits with recombinant human TNF emulsified in complete Freund's adjuvant 
(DIFCO. IL.. USA). 



15 Eesultsi 

The compounds of Formula (I), Examples 1 and 2 both demonstrated 
an ICI50's between 0.5 \jM and SJjiM in the above described assay. The exact 
mechanism by which any compound of Formula (I) inhibits in vitro TNF production 
by monocytes is not presently known. This inhibitory activity does not seem to 

2 0 correlate with the prop^ty of any of the con^unds of Formula (I) in mediating 
arachidonic acid metabolism inhibition since other nonsteroidal antiinflammatory 
drugs with potent cyclooxygenase and/or lipoxygenase inhibitory activity do not 
inhibit TNF production at nontoxic doses. Furthermore, the ability of a compound to 
inhibit production of prostaglandin and/or leukotriene synthesis does not mean that it 

2 5 will necessarily also inhibit TNF production. 



EXAMPLEC 
Inhibitory Effect of compounds of Formula (I) on 
11^8 Production 

30 

The effects of compounds of Formula (I) on the inhibition of IL-8 
3 production from Human Umbilical Vein Endothelial cells is examined using the 

following protocol . 

Primary human umbiUcal cord endotheM ceUs (HUVEQ are obtained 
3 5 bom Clell Systems (Kirland, WA) and maintained in culture medium supplemented 
with 15% fetal bovine serum and 1% CS-HBGF consisting of oFGF and heparin. 
Cells are dien diluted 20-foId before being plated (250^) into gelating coated 96-well 
plates. Prior to use, culture medium is replaced with fresh medium <200^). 25^1 of 
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eidier buffer or test compounds at the appropriate concentration is added to each well 
in quadruplicate wells. TWs is followed inunediately by the addition of 25|il of the 
compounds of Formula 0) at concentradons between l-10(xNL The plates are 
allowed to incubate for the appropriate dme, as indicated in a humidified incubator at 
5 37^C with 5% COz. At the end of the incubadon period^ supernatant is removed and 
assayed for IL-8 concentration using an IL-8 ELISA kit obtained finom R&D Syst^s 
O^Iinneapolis, MN). All datapresented is as a mean value (ng/knl) of multiple 
samples based on the -standard curve. IC50's where appropriate are generated by 
non-linear regression analysis. 

10 

The above description fully discloses the invention including preferred 
embodiments thereof Modifications and improvements of the embodiments 
spedfically disclosed herein are wiflun the scope of the following claims. Without 
further elaboration, it is believed that one skilled in die are can, usmg the preceding 
1 5 description, utilize the present invention to its fullest extent Therefore the Examples 
htr^in are to be construed as merely illustrative and not a limitation of the scope of the 
present invention in any way. The embodiments of the invention in which an 
exclusive property or privilege is claimed are defined as follows. 
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What is Claimed is: 

1. A compound of the fbimula: 

R -C 

5 ^N-'^'Ra 

wheiein 

Rl is a mono- or di- substituted 4-quinolyl, 4-pyridyl, 1-imidazolyl, 1- 

benzimidazolyl, 4-pyrimidinyl wherein the substituent is independeridy 
selected firom the group consisting of hydrogen, Cl-4 alkyU halo, O-Ci-4 
1 0 alkyl, S-Cl-4 alkyl, or N(Ra)2; 

Ra is hydrogen, Ci-6alkyl, or Ra may form a heterocyclic ring of 5 to 7 members 
together with the nitrogen, said ring optionally containing an additional 
heteroatom selected from the group consisting of oxygen, sulfur or nitrogen; 

R2 is mono- or di-substituted phenyl wherein the subsitutents are independentiy 

1 5 selected firom the group consisting of hydrogen, halo, S(0)mR5r 0R6, halo 

substituted Ci-4 alkyl, Ci-4 alkyl, or N(Ri2)2; 
R4 is hydrogen, Ci-io alkyl, Ci-lO alkenyl, C2-10 alkynyl, C3-7 cycloalkyU Cs^? 

cycloalkenyl, heterocyclic, heterocyclicalkyl, aiyl, aiyl alkyl, heteroaryl, 

heteroaryl alkyl ; 
20 R3is(X)r(Q)r00t; 

X is hydrogen, -(C(Rio)2)h , -NR13, -O- or S(0)m; 
r is a number having a value of 0 or 1; 
m is a number having a value of 0, 1 or 2; 

Q is alkenyl, alkynyl, cycloalkyl, cycloalkenyl, heterocyclic, heterocyclicalkyl, aiyl, 

2 5 aiylalkyl, heteroaryl, or heteroaiylalkyl; 

s is a number having a value of 0 or 1; 
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Y is a substituent selected from the group consisting of hydrogen, Ci-io allqrl, 

halo-substituted Ci-io alkyl. halogen, -(C(Rio)2)nOR8, -(C^io)2)nN02, 
-CC(Rio)2)nS(0)m'Rll. -(CCRio)2)nSR8r -(C(Rio)2)nS(0)in'OR8. 
-(C(Rio)2)nS(0)m'NR8R9. -Xa-P(Z)-(XaRl3)2. -(C(Rl0)2)nNR8R9. 
5 -(C(Rio)2)nC02R8.-(C(Rio)2)nOC(0)-R«.-(C(Rio)2)ttCN, 

-(C(Rio)2)nCONR8R9. -(C(Rlo)2)nC(S)NR8R9. -(C(Rio)2)nNRioC(0)R8. 
-(C(Rlo)2)nNRioC(S)R8. -(C(Rio)2)nNRloC(Z)NR8R9, 
-(C(Rio)2)aNRioS(0)niRll,-(C(Rio)2)nNRioC(=NCN)-S-Rii, 

-(C(Rio)2)nNRioC(=NCN)-NR8R9.-(C(Rio)2)nNRioC(0)C(0)-NR8R9. 
10 .(C(Rio)2)nNRioC(0)C(0).ORio,-(C(Rio)2)nC(=NRio)-NRgR9, 
-(C(Rio)2)n-C(=NRio)-ZRii. -(C(Rio)2)n-OC(Z)-NR8R9. 
-(C(Rio)2)nNRioS(0)mCF3,-(C(Rio)2)nNRioC(0)ORio; 
t is a number having a value of 0, 1, 2, or 3; 
Xa is ind^endently -(C(Rio)2)n, -NRg-, -O- or -S-; 
15 Z is oxygen or sulfur, 

m' is a number having a value of 1 or 2; 
n is a number having a value of 0 to 10; 

R5 is hydrogen. Ci-4 alkyl, CiA alkenyl, C2^ alkynyl, C3-7 cycloalkyl, C5.7 

cydoalkenyl, aryl, or N(R7)2; provided that ^en m is 1 or 2 ihsa R5 is not 

2 0 hydrogen. 

R6 is hydrogen, C1-4 allgrl, halo substimted Ci^ aHqrl, C2-4 alkenyl, C2-4 aUqaiyl, 

cycloalkyl, C5-7 cydoalkenyl, or aryt 
R7 is hydrogen. Ci-4 alkyl, C2A alkenyl, C2-4 alkynyl, aryl, or may form a 
heterocyclic ling of 5 to 7 members together with the nitrogen, said ring 
25 optionally containing an additional heteroatom selected firom die group 

consisting of o^gen, sulfur or nitrogen; provided that when R5 is N(R7)2 
then mis lor 2; 
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Rg is hydrogen, Ci-io alkyl. C2-10 alkenyl, C2-10 alkynyl, C3-7 cyploalkyl, C5.7 
cycloalkenyl. heterocyclic, heterocyclic alkyl, aryl, aryl alkyl, hcteroaxyl, 
beteroaiyl alkyl ; 

R9 is hydrogen, Cmq alkyl, C2-IO alkenyl, C2-IO alkynyl, C3.7 cycloalkyl, C5-7 
cycloalkenyl. aryl, aiyl alkyl, heteioaryl, heteroaiyl alkyl or Rg and R9 may 
together fonn a heterocyclic ring cf 5 to 7 rawnbers togetha: with the 
nitrogen, said ring optionally containing an additional heteroatom selected 
from the group consisting of oxygen, sulfur or nitrogen; 

RiO is hydrogen, or C1-4 alkyl; 

Rll is Cl-10 alkyl, C2-IO alkenyl, C2-IO alkynyl, C3-7 cycloalkyl, C5-7 
cycloalkenyl, aryl, aiyl alkyl, heteroaiyl, hctcroaryl alkyl ; 

R12 is hydrogen. Cm alkyl, aryl, or may form a heterocyclic ring of 5 to 7 members 
together with the nitrogen; 

Rl3 is hydrogen, Ci-io alkyl, cycloalkyl, hcterocylic, aryl, aryl alkyl, hctcroaryl, or 
heteroaryl alkyl; 

or a pharmaceudcally acceptable salt thereof. 

2. The compound according to Claim 1 wherein Ri is a mono- or di- 
substituted 4- pyridyl or 4-quinolyL 

3. The compound according to Qaim 2 wherein s is 0. 

4. The compound according to Qaim 3 wherein r is 0, 

5. The compound according to Gaim 4 wherein Y is alkyl, 
-(C(Rio)2)nOR8, -(C(Rio)2)nS(0)in'Rl 1, -(C(Rio)2)nSR8, 
-(C(Rio)2)nS(0)m*OR8. -(C(Rio)2)nS(0)in'NR8R9, -Xa-P(Z).(XaRi3)2> 
-(C(Rio)2)nNR8R9. -(C(Rio)2)nC(Z)OR8, -(C(Rio)2)nOC(Z)-Rg, 
-(C(Rio)2)nC(0)NR8R9, -(C(Rio)2)nNRioC(=NCN)-NR8R9. or 
-(C(Rio)2)nNRioS(0)mRii. 
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6. Th& compound according to Claim 5 wherein Y is alkyl, 
-(C(Rio)2)nOR8, (C3l2)nS(0)mR6. (CH2)nC02R8^-(C(Rio)2)nNRioC(=NCN)- 
NR8R9, -(CCRio)2)nNR8R9. -Xa-P(Z)-(XaRi3)2 ; and n is 0 to 4. 

5 7. Hie compound according to Claim 2 wheieins is 1. 

8. The compound according to Claim 7 wherein Q is aryl or 

heteroaiyL 

10 9. The compound according to Qaim 8 wherein Y is alkyi, 

-(C(Rio)2)nOR8, -(C(Rio)2)nS(0)m'Rll. -(CCRio)2)nSR8. 
-(C(Rio)2)nS(0)m'OR8. -(C(Rio)2)nS(0)m'NR8R9. -Xa-P(Z)-(XaRi3)2, 
-(C(Rio)2)nNR8R9, -(C(Rio)2)nC(Z)OR8, -(C(Rio)2)nOC(Z)-R8, 
-(C(Rio)2)nC(0)NR8R9. -(C(Rio)2)nNRioC(=NCN)-NR&R9, or 

1 5 -(C(Rio)2)nNRioS(0)mRll. 

10. The compound according to Claim 8 whradn ris 0, or r is 1 and 
Xis-(C(Rio)2)n. 

2 0 11. The compound according to Claim 8 wherein R4 is hydrogen or 

alkyl. 

12. The compound according to Qaim 2 wherdnR2 is a mono- 
subsdmted phenyl vriierdn the substimtents are indepondmdy selected finnn the 

2 5 group consisting of hydrogen, halo. S(0)inR6> OR9, or Ci^ alkyL 

13. Hie compound according to Claim 2 wherein Ri is 4-pyiidyl 
optionally substituted in the 2-position with a Cm alkyL 

3 0 14. The compound according to Qaim 1 wherein R2 is a mono- 

substituted phenyl wberdn the substitutents are independently selected fiom the 
group consisting of hydrogen, halo, S(0)niR6, OR9, or Ci^ all^l.; ris 0, s is 1, Q 
is aryl, Y is hydrogen, alkyl, -(C(Rio)2)nOR8, -(C(Rio)2)nS(0)m'Rll, 
-(C(Rio)2)nSR8. -(C(Rio)2)nS(0)m'OR8. -(C(Rio)2)nS(OWNR8R9. 
3 5 -Xa-P(?)-(XaRi3)2. -(C(Rio)2)nNR8R9. -(C(Rio)2)nC02R8. 

-(C(Rio)2)nOC(0)-R8, -(C(Rio)2)nCONR8R9, -(C(Rio)2)nNRloC(=NCN>NR8R9, 
or -(C^i(j)2)nNRioS(0)inRiii R4 is hydrogen or methyl, Rg is hydrograi. Cm 
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alkyl, or may optionally cyclize with R9 to forni a 5 membCTed heterocyclic ring 
together with the nitrogen to which they are attached 

15. The compound according to Gaim 1 which is 
5 l-(4-pyridyl)-2-(4-£luoiophcnyl)-4-phenyUnudazole; 

l-(4-pyridyl)-2-(4-fluorophenyl)-4-(4-hydioxyphenyl) imidazole; 
l-(4-pyridyl>2-(4-fluoiophenyl)-4-(4-thiomethylphenyl)inuda2ole; 
l-(4-pyri(fyl)-2-(4-fluon>phenyl)-4-(4-mediylsulfinylphenyl) imidazole; 
l-(4-pyridyI)-2-(4-fluoKq)henyl)-4-methyliniidazole; 
1 0 l-(2-methylpyrid-4-yl)-2-(4-fluorQiphenyI)^(4-thiomethylphenyl)imidazole; or 
l-(2-methylpyrid-4-yl)-2-(4-fluon>phenyl)-4-(4-methylsulfinylphenyl)i^ 

16. A pharmaceutical or veterinary composition comprising an 
effective amount of a compound according to Claim 1 and a phannaceutically or 

1 S veterinary acceptable carrier or diluent 

17. The pharmaceutical or veterinaiy composition comprising an 
effective amount of a compound according to Claim IS and a pharmaceutically or 
veterinary acceptable carrier or diluent 

20 

18. A method of treating a cytokine mediated disease in a human in 
need of such treatment, which comprises adnunistering to said human an effective 
cytokine interfering amount of a compound of Formula (I), according to Claim 1. 

2 5 19. The method accordmg to Claim 1 8 wherein the cytokine inhibited 

is IL-l. 

20. The method according to Gaim 1 8 wherein the cytokine inhibited 

is TNF, 

30 

21. The method according to Gaim 18 wherein die cytokine inhibited 

is IL-8. 
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22. The method according to Gaim 1 8 wherein the cytokine mediated 
disease is septic shocks endotoxic shock, gram negative sepsis, or toxic shock 
syndrome. 
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23. The method according to Qaim 18 whcidn the cytokine mediated 
disease is bone lesotption diseases, graft versus host reacdon, atheioscleiosis, 
axthiitis, osteoarthritis, ifaeumatoid arthritis, gout, psoriasis, or topical inflammatory 
disease states. 

5 

24. The method accoiding to Claim 18 wherein the cytokine mediated 
disease is adult respiratory distress syndrome, asthma, or chronic pulmonary 
inflammatory disease. 



10 25. The method according to Claim 18 wherein die cytokine mediated 

disease is Crohn's disease, ulcerative colids, or inflanunatory bowel disease. 
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26. The method according to Claim 18 wherein the cytokine mediated 
disease is cardiac and renal reperfusion injury, thrombosis or glomerulonephrids. 

27 The method according to Claim 18 wherdn die cytokine mediated 
disease is cachexia. 



28. The metfiod according to Claim 18 wherein die compound of 

20 Formula (I) is 

l-(4-pyridyl)-2-(4-fluorophenyl)-4-phenyliniidazole; 
l-(4-pyTidyl)-2-(4-fluorophenyl>4-(4-hydroxyphenyl) imidazole; 
l-(4-pyridyl)-2-(4-fluorophenyl)-4-(4-thiomethylphenyl) imidazole; 
l-(4-pyridyl)-2-(4-fluorophenyl)-4-(4-methylsulfinyIphenyl) imidazole; 

2 5 l-(4-pyridyl)-2-(4-fluorophenyl)-4-methyliniidazole; 

l-(2-mediyIpyrid-4-yl)-2-(4-fluororphenyl)-4-(4-ttoomediylphenyl)M or 
l-(2-metfayIpyrid-4-yl)-2-(4-fluorophenyl)-4-(4-methyIsuIfinylphenyl)iinidaz^ 

29. A mediod of treating a cytokine mediated disease in an animal, 

3 0 excluding humans, in need of such treatment, which comprises admimst^ing to said 

human an effective cytokine interfering amount of a compound of Formola (I), 
according to Claim 1. 
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30. The mediod according to Claim 29 wherein the cytokine mediated 
disease is a viral infection. 
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